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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain radiation shielding glass maintaining high ability to shield 
electromagnetic waves such as X~ and y-rays and charged particles such as a-and p-rays and 
further shielding neutrons. 

SOLUTION: This radiation shielding glass contains, by weight, at least 16-46% Si02, 47-75% 
PbO, 1-10% Gd203, 0-3% Li20, 0-7% Na20, 0-7% K20 (1%<Li2O+Na2O+K2O<10%), 0-10% B203, 
0-3% Ce02, 0-1% As203 and 0-1% Sb203. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]at least — a weight ratio (henceforth, wt%) — Si0 2 16 - 46 wt%PbO 47 - 75 wt%Gd 2 0 3 1 
- 10 wt%Li 2 0 0- 3 wt%Na 2 0 0 - 7 wt%K 2 O0 - 7 wt% — however, Contain Li 2 0+Na 2 0+K 2 0 1-10 
wt%B 2 O 3 0 - 10 wt%CeO 2 0 - 3 wt%As 2 O 3 0 - 1 wt%Sb 2 O 3 0 - 1 wt%, and Electromagnetic waves, 
Radiation shielding glass covering a charged particle and a neutron. 

[Claim 2]Radiation shielding glass containing 6— Li by which said Li was enriched isotopically, 
containing 10-B by which said B was enriched isotopically, containing 155~Gd and 157-Gd by 
which said Gd was enriched isotopically, and covering electromagnetic waves, a charged particle, 
and a neutron. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention consists of basic composition of a Si0 2 ~PbO-Gd 2 0 3 -alkali 

metal oxide, and relates to the radiation shielding glass which covers a charged particle and 
neutrons, such as electromagnetic waves, such as X-rays and a gamma ray, alpha rays, and a 
beta ray. 
[0002] 

[Description of the Prior Art]Now, in nuclear physics and the related field of atomic energy, a 
human body and apparatus are protected from a harmful ionizing radiation, and in order to 
observe the hot side in which radiation exists, generally the charge of a radiation shielding 
material with translucency is used. It is put in practical use by already knowing that 
electromagnetic waves and the glass which contains a lot of lead in cover of a charged particle 
are effective, and resin or boron content glass is especially effective in order to cover a neutron. 

[0003]Although resin, such as an acrylic, is dramatically effective as a transparent neutron 
shielding material, what is generally satisfied about an optical property, mechanical properties, or 
endurance is not obtained. For example, transmissivity is [ that it is easy to attach the crack of 
what is the outstanding neutron shielding material ] also inferior in the acrylic resin as compared 
with glass. It is a problem which coloring by radiation cannot avoid in the bottom of a high 
radiation environment, and the user is comparatively obliged to exchange in a short period of 
time. As neutron cover glass excellent in the transparency with which it is satisfied of these 
character, To JP,7~1 38044,A, Si0 2 in weight % 55 to 70%, The transparent neutron cover glass 

consisting of glass which contains Li 2 0 for aluminum 2 0 3 3 to 15%, and contains 5 to 15% and 

CaO+MgO for B 2 0 3 1 to 4% 10 to 20% is shown. 

[0004]As lead content radiation shielding glass, the neutron beam which was not fully able to be 
covered with conventional high lead content glass is also covered simultaneously, and various 
researches are made for the purpose of preventing coloring by radiation irradiation, and the 
result is shown. To JP, 2-21 2331 A Si0 2 in weight % For example, 40 to 60%, Na 2 0 1.5 to 2% for 

Ce0 2 25 to 45% 4.5 to 12%, [ PbO ] In K 2 0, 2 to 9%, 0 to 5%, BaO is contained 0 to 10% and the 

radiation shielding glass whose Na 2 0/(Na 2 0+K 2 0) consists of 0.5-0.8 is shown [ / B 2 0 3 j To 

JP.5-30776.B, Si0 2 in weight % 35 to 56%, Na 2 0 0 to 2.5% for Li 2 0 24 to 46% 0 to 4%, [ PbO ] 0 to 5%, however 

(Na 2 0+K 2 OCs 2 0) Cs 2 0 7 to 21% for K 2 0 12 to 21%, In the textile glass yarn of 0 to 0.05% content [ Ce0 2 / 0.5 to 

2.5%, and CuO ] of 0 to 0.05%, and Fe 2 0 3 , This textile glass yarn does not contain MgO, CaO, SrO, BaO, ZnO, and 

CdO, And on condition that Si0 2 is contained at least 35%, it comes to be replaced by &2®3 and Gd 2 Og, The 

radiation shield glass which absorbs a gamma ray, X-rays, and a neutron beam, wherein the maximum permissible 

dose of the discharge-proof nature by high (energy) radiation exceeds 5x10 (rad) is shown. 

[0005] 



[Problem to be solved by the invention]However, in order that the aforementioned lead content radiation shielding 
glass may obtain the target character, the content of PbO is pressed down comparatively low, and as compared with 
the radiation shielding glass which carries out content of still a lot of conventional PbO(s), the shielding power over 
the electromagnetic wave and a charged particle is inferior. 

[0006]Since the content of PbO is stopped low, the aforementioned transparent neutron cover glass has the low 
capability to carry out the self-absorption of the secondary gamma ray produced when a neutron is absorbed by 
L^O, E^O^, Gd2C>2, etc. For this reason, there is a problem of emitting a secondary gamma ray out of a shielding 

material. This phenomenon is still more remarkable when a neutron shielding material is resin. 
[0007]Therefore, there is no material having the shielding power which the transparent charge of a radiation 
shielding material currently used for the general present satisfies to all the radiation of electromagnetic waves, a 
charged particle, and a neutron, and in order to perform cover under the environment where electromagnetic waves, 
a charged particle, and a neutron live together, it is necessary to combine two or more materials. This invention is 
made in view of many problems of such conventional radiation shielding glass, and the purpose of this invention, it is 
providing the radiation shielding glass are further alike and covering a neutron, maintaining the high shielding power 
over charged particles, such as electromagnetic waves, such as X-rays and a gamma ray, and alpha rays, and a beta 
ray. 
[0008] 

[Means for solving problem]As a result of repeating research wholeheartedly to achieve the above objects, this 
invention person SiC^, The glass composition which uses PbO, Gd20^, and an alkali metal oxide as an essential 

ingredient, [ in a predetermined composition range ], shielding power over desired electromagnetic waves, charged 
particle, and neutron can be realized, and it finds out that the quality glass which can be used for the optical 
instrument which needs cover of radiation also as optical glass is obtained easily, and came to accomplish this 
invention. Namely, this invention is a weight ratio (henceforth, wt%) at least, Si02l6 - 46 wt%PbO 47 - 75 wt% 

Gd 2 0 3 1 - 10 wt%Li 2 0 0 - 3 wt%Na 2 0 0 - 7 wt%K 2 0 0 - 7 wt% — however, Li 2 0+Na 2 0+K 2 0 1-10 wt%B 2 O 3 0 - 10 

wt%CeO20 - 3 wt%As2O 3 0 - 1 wt%Sb2O 3 0 - 1 wt% is contained, The radiation shielding glass covering 

electromagnetic waves, a charged particle, and a neutron is provided. 
[0009] 

[Mode for carrying out the invention]When electromagnetic waves and a charged particle have an interaction with an 
element with the high density of electric charge, there is the characteristic of releasing and decreasing energy. 
Therefore, in order to cover electromagnetic waves and a charged particle, it is necessary to make an element with 
the high density of electric charge contain in glass. For example, Pb is mentioned. A point that a neutron differs 
from other radiation most is a point without an electric charge. An interaction of a neutron and a substance does 
not have a coulomb ionization interaction which is a factor of an interaction of electromagnetic waves and a charged 
particle, and a substance, and its direct interaction with a nucleus is dominant. For this reason, a neutron tends to 
penetrate a substance and a fundamental view of interception also differs from other radiation. 
[0010]Therefore, in order to cover a neutron, it is necessary to make an interaction by reactions, such as elastic 
scattering of a neutron and a nucleus in glass, inelastic scattering, and radiative capture, cause. For that purpose, an 
element with high probability of dispersion and an element with a big reaction cross section (for example, H, 6— Li, 
10-B, 155-Gd, 157-Gd) must be made to contain in glass. 

[001 1]In order to obtain a transparent material which covers efficiently all electromagnetic waves, the charged 



particles, and neutrons from these things, It is required to find out a presentation which contains an element 
effective in each radiation kind of cover at a high rate, and does not lose a special feature of glass, such as 
transparency, chemical stability, a mechanical strength, endurance, and mass production nature. A composition 
range of this invention is found out in experimental science, and the Reason for composition range limitation is as 
follows. 

[001 2]Although SiC>2 is a glass forming oxide, and raises stability to devitrification and the chemical durability of 

glass is made to improve, effect sufficient less than [ 1 6wt% ] is not acquired, but if 46wt% is exceeded, it will 
become easy to produce non-****, and melting temperature is raised, and content of an ingredient used for 
radiation shielding becomes small. Although PbO enlarges specific gravity of glass and raises shielding power over 
electromagnetic waves and a charged particle, less than [ 47wt% ] is not enough as the effect, and if 75wt% is 
exceeded, coloring remarkable on glass will be seen. 

[001 3]Although it is an ingredient which Gd20g is [ ingredient ] an essential ingredient in this invention, raises the 

chemical durability of glass, and absorbs a thermal neutron efficiently, less than [ 1wt% ] is not enough as the effect, 
and if 10wt% is exceeded, stability to devitrification of glass will get worse. In order to absorb a thermal neutron 
more efficiently, it is desirable that it is 155-Gd and 1 57~Gd by which a part of Gd was enriched isotopically. 
[OOMjI^O raises the melting nature of glass, and although it is an ingredient which absorbs a thermal neutron and a 

fast neutron efficiently, if 3wt% is exceeded, the chemical durability of glass and stability to devitrification will get 
worse. In order to absorb a thermal neutron and a fast neutron more efficiently, it is desirable that it is 6— Li by 
which a part of Li was enriched isotopically. Although ^2*3 and r^O raise the melting nature of glass, and stability 

to devitrification, if 7wt% is exceeded, stability to devitrification of glass will get worse conversely, and chemical 
durability will also be worsened. 

[001 5]However, as the total quantity of Li20, Na20, and ^O, stability and melting nature to devitrification of glass 

are bad, and less than [ 1wt% ], if 10.0wt% is exceeded, chemical durability and stability to devitrification will get 
worse. E^Og raises the melting nature of glass, and stability to devitrification, and although it is an ingredient which 

absorbs a thermal neutron efficiently, if 10wt% is exceeded, chemical durability will get worse. In order to absorb a 
thermal neutron more efficiently, it is desirable that it is 10-B by which a part of B was enriched isotopically. 
[001 6]Although CeC>2 is an ingredient which reduces coloring of glass by radiation irradiation, effect sufficient with 

an addition not more than 3wt% can be acquired. Although As20^ and Sb20^ are ingredients added in order to 

remove a bubble in glass, they can acquire effect sufficient with an addition not more than 1wt%. 
[0017] 

[Working example]Next, an example of an enforcement presentation concerning this invention (a numerical value is 
wt%), specific gravity, and radiation shielding capability are shown in Table 1. 
[0018] 
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[0019] The specific gravity of glass measures by the Archimedes method, and radiation shielding capability, Based 
on the result of the dose equivalent rate of the neutron calculated using calculation code ANISN-JR described later, 
and a photon (electromagnetic waves), the class division of the shielding power is carried out relatively 1-10, and 
high shielding power is shown as a large value. The oxide which carries out considerable [ of the glass concerning 
this invention ] respectively as a raw material of each ingredient of sample NO.1 - 6, Carbonate, a nitrate, etc. were 
used and weighing was carried out to the desired rate, and it fully mixed with powder, and accomplished with the 
preparation raw material, this was supplied to the platinum crucible in the electric furnace heated by 900-1300 **, 
and it cast, cooled slowly and manufactured to the iron molds which carried out stirring uniformity and were 
beforehand heated after melting clear. 

[0020]In order to compare with the glass concerning this invention, conventional transparent radiation shielding 
glass was used. The elegance 1 is radiation shielding glass aiming at covering the electromagnetic waves having 
contained a lot of PbO(s) and a charged particle conventionally. 

Conventionally, the elegance 2 is radiation shielding glass aiming at cover of a neutron, and the elegance 3 is 
radiation shielding glass aiming at covering electromagnetic waves, a charged particle, and a neutron simultaneously. 

[0021]About radiation shielding capability, the specific environmental condition in which a neutron and a photon 
(electromagnetic waves) exist, respectively was assumed, and the dose equivalent rate of the radiation at the time 
of installing the glass of the elegance 1-3 sample NO. 1-6 and conventionally [ 30 cm-thick ] (drawing 3) was 
calculated using calculation code ANISN-JR. The terms and conditions about calculation are as being shown below. 
Shielding calculation code : ANISN-JR core library of data : Using RADHEAT, [ JENDL, ] It edits from ENDF/B and 
POPOP4. Energy group number : Neutron 100 group, A photon. (Electromagnetic waves) 18 group . Line source 
spectrum . : The neutron 0.001 - neutron number equal to 4.00MeV : The photon (electromagnetic waves) 0.4 - 
photon (electromagnetism wave) number equal to 4.00MeV Dose equivalent conversion factor : U.S. Oak Ridge 
National Laboratory develops ANISN-JR by Publication51 of ICRP, It is the shielding calculation code which Japan 
Atomic Energy Research Institute revised, and is widely used for shielding designs, such as nuclear installation and 
equipment. RADHEAT is a library which Japan Atomic Energy Research Institute created and where it is a code for 
core library-of-data edit, and JENDL, ENDF/B, and POPOP4 is used widely. 

[0022]The graph which showed the relation with the relative dose equivalent rate by the distance, neutron, and 



photon (electromagnetic waves) from a line source which were called for by the above-mentioned calculation is 
shown in drawing 1 and drawing 2, respectively. A calculation result also contains a secondary photon 
(electromagnetic waves). The number containing the mark below the value of a vertical axis and E of 1.0E+0 is a 
multiplier, and is 1.0x10^ in this case. Although drawing 1 shows the situation of attenuation of a neutron, compared 
with the conventional electromagnetic waves, charged particle cover glass (conventional article 1), a neutron, 
electromagnetic waves, and charged particle cover glass (conventional article 3), attenuation of a neutron is clearly 
large, namely, sample NO.1 - 6 are clear in shielding power being high. Even if compared with conventional neutron 
cover glass (conventional article 2), equal attenuation is shown, and as shielding power, it is enough. 
[0023]On the other hand, although drawing 2 shows the situation of attenuation of a photon (electromagnetic 
waves), compared with conventional neutron cover glass (conventional article 2), a neutron, electromagnetic waves, 
and charged particle cover glass (conventional article 3), attenuation of a photon (electromagnetic waves) is clearly 
large, namely, sample NO.1 - 6 are clear in shielding power being high. The attenuation as for which inferiority is not 
compared with the conventional electromagnetic waves and charged particle cover glass (conventional article 1) is 
shown, and it is enough as shielding power. 

[0024]Since the glass of sample NO.1 ~ 6 has a big shielding effect to a neutron and a photon (electromagnetic 
waves), in the environment where a neutron, electromagnetic waves, and a charged particle exist, it can cover 
radiation very efficiently. For example, if the glass concerning this invention is used when radiation needs to be 
reduced to the regular dose equivalent using cover glass, glass thickness can be made thinner than before. When 
conventional glass was used, in order to cover a neutron, electromagnetic waves, and a charged particle, it needed 
to use combining neutron cover glass, and electromagnetic waves and charged particle cover glass, but the 
necessity will also be lost if the glass concerning this invention is used. 
[0025] 

[Effect of the Invention]Since the glass concerning this invention can cover electromagnetic waves, a charged 
particle, and a neutron simultaneously, it becomes possible to design and manufacture a radiation shielding window 
by the composition number of sheets of little glass under the environment where electromagnetic waves, a charged 
particle, and a neutron live together, more thinly than before. Thereby, the flexibility of a design of a radiation 
shielding window etc. can not only be expanded by leaps and bounds, but it can improve the performance of 
radiation shielding windows including a view, transmissivity, etc. Under the environment where a neutron exists 
actually, it is common that electromagnetic waves and a charged particle also exist simultaneously, and the glass 
which has the shielding power over a neutron, electromagnetic waves, and a charged particle like this example is 
useful. And since glass with the optical property which can fully be used as optical glass, and internal quality is 
obtained easily, the radiation shielding glass by this invention can be used very effective also in the optical 
instrument which needs to cover radiation, such as a periscope. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

LDrawinj^ 1]It is the graph which showed the relation of the distance from the line source of the cover glass 
concerning this invention, and the relative dose equivalent rate of a neutron. 

LQrawing 2]It is the graph which showed the relation of the distance from the line source of the cover glass 

concerning this invention, and the relative dose equivalent rate of a photon (electromagnetic waves). 

[Drawing 3] It is a figure showing the ANISN computational model by the monotonous system used by this invention. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[ Drawing 1] 
1.0E+0^ 




1.0E-5 



[D rawing 2] 





[Translation done.] 



espacenet - Bibliographic data 



1/1 ^— V 



I ill O >i»' •■ h<M 

P«tc->t.-mt 

On lit init lift i-r- 



Espacenet 
Bibliographic data: JP 9208255 (A) 



RADIATION SHIELDING GLASS 



Publication date: 

Inventor(s): 

Applicant(s): 

Classification: 



Application 
number: 

Priority number 

(s): 



1997-08-12 

KIDO KAZUHIRO; UEDA MOTOI ± 
NIPPON KOGAKU KK + 



international: 
- European: 



C03C3/07; C03C3/102; C03C4I08; G21F1I06; (IPC! 
7): C03C3/07; C03C3/102; C03C4/08; G21F1/06 

Q.Q3.C3/.Q7; C.Q3.C3./1.Q2; QQ.d.Q.4.m 



JP1 9960022390 19960208 



JP1 9960022390 19960208 



Abstract of JP 9208255 (A) 



PROBLEM TO BE SOLVED: To obtain radiation shielding glass maintaining high ability to shield electromagnetic waves 
such as X- and &gamma -rays and charged particles such as &alpha -and &beta -rays and further shielding neutrons. 
SOLUTION: This radiation shielding glass contains, by weight, at least 16-46% Si02 , 47-75% PbO, 1-10% Gd2 03 , 0-3% 
Li2 O, 0-7% Na2 O, 0-7% K2 O (1%<=Li2 0+Na2 0+K2 O<=10%), 0-10% B2 03 , 0-3% Ce02 , 0-1% As2 03 and 0-1% 
Sb2 03 . 



Last updated: 26.04.2011 Worldwide Database 5.7.22; 93p 



httD://worldwide.esDacenet.com/DublicationDetails/biblio?DB=EPODOC&adiacent... 201 1/06/29 



(19)0^H^HPit (J P) 



WW¥9- 208255 

(43)£BHB ^9^(1997) 8^12 B 



(51) IntCl. 6 
CO 3 C 



G2 1 F 



4/08 
3/07 
3/102 
1/06 



F I 
C 0 3 C 



G2 1 F 



4/08 
3/07 
3/102 
1/06 



*3esi# m*m<»&2 ol (± e h) 



(21)fflBI#^ 



(22) turns 



WIB¥8- 22390 



^8^(1996) 2/3 8 B 



(71) fflKA 000004112 

st*:*=F«ffi Escort 3 t m 2 # 3 *s 

*R«T«fflKA^3TB2#3^ W 

(72) SEW* -bffl £ 

*JS:ffi^fflKAc0^3TS2#3# » 



(54) [$5Wc£>£«0 9 X 



(57) imn * *tt?^»t § c h ^ 1 1 1 § ^ ^ x 

Mfi : N:Wt^|i«K/j*8fa-30, £ Stele* ^<tfe, BMJrt (KTw i %) T\ 

S i 02 16 — 4 6 w T %, P b O 4 7 — 7 5 w t %, 

Cd2 03 1 — 1 0 w t %, Li 2 0 0 — 3 w t %, 

Na2 0 0 — 7 wt%, K2O 0 — 7 w t % x 
{HU L i 2 O + N a 2 O+K2 O 1 — 10 w t % 

B2O3 0 ~ 1 0 w t %, C e O2 0 — 3 wt%, 

AS2O3 0 1 w L %, Sb2 03 0 — 1 w t %, 



-i- 



(2) 



3fJ3¥ 9-208255 



imxm i ] tt, 

S i O2 16 

P b O 4 7 

Gd2()3 1 

L i 2 O 0 
N a 2 O 0 
K2 O 0 



§Mtt («Tw t %) T\ 

— 4 6 w t % 

— 7 5 w t. % 

— 10 w t % 

— 3 w I % 

— 7 w t % 

— 7 w t % 



fUU 1. i 2 O + N a 2 O+K2 O 1 — 10 wt% 

R2 ()3 0 — 1 0 w 1 % 10 

C e 02 0 — 3 w t % 

A S 2 Q3 0 — 1 w t % 

S b2 0 3 0 — 1 w t % 

[3S>rjw2] msai. i ^[n]ttf*r«^?nfc6-i. i *s- 

frU tWidB*MnK4(*»ttSnfc10-B*^*iL, Mia 
G d*M«Hft(***SSn/i155-G d&lH57-G d *$ £' 

[ooo l ] 

[«W<D«-f *58W«, Si02-PbO- 
G d 2 O 3 - T ;l/ * »J <fe«?»f t»0«*«ih)MP b * 0 , X 

[0 0 0 2] 

[0003] mm&m/f&mtint lt«t* u;i/ts 

LTCi, *$BH ^7-138044^ Btt%KT, S i 02*5 
5-7 0%, A 1 2 03* 3 —15%, Li 20*10 — 
2 0%, B2O3* 5— 1 5 %, fcJctf C a O + M g O* 
1 -4 %&fi"LT4S*7^e)a:SCfc4fifai:t5 

[0004] mft&mmmffitf^Kt lt»±, ce*^ 50 



ifif »^*T #v X T 1 li I • # 3tt*T 5 c i: <o T * & 

rs ± -r & ^ [ 3 m v m '<om$ifttezn, z <d $ * # ; r ; 

Sntt^o WJ*fcf, **BH ¥2-212331 ic«, fRl%(C 
T, Si 02*40—60%, P b O * 2 5 — 4 5 % , 
Ge02*l. 5 — 2%, N a2 0*4. 5-12%, K 
20*2 — 9%, B2O3*0— 5%, RaO*0— 10 
%^Ls N 32 0/(N a2 0 + K2 O)tf0. 5 — 0. 

^ v ¥5-30776fC(i, _€S%tCT, S i 02* 3 5 — 5 6 
%, Pb 0*2 4 — 4 6 %, L i2O*0-2. 5%, 
Na2O*0 — 4%, K2 0*7 — 2 1%, Gs2O*0 
-5%, tzfzL{N 3 2 0+K204-C S20)# 1 2-2 
1 %, CeC)2*0. 5-2. 5%, Cu 0*0-0. 
0 5%, F 0 2 03*0 — 0. 0 5 %1$H<DJ] vXSfC*5 
l^T, if£#^X^J;M g O, CaO, SrO, BaO, 
Z n OfccfctfC d 0*fTir<r, frOS i 02*<'>£< 4: 
1 35%#i; n 5 C <h *^ff-tC B 2 O3 *5 cfc UF G d 2 O3 til 

^rf^»^5x10 8 (rad) C 4: 

[0 0 0 5] 

Kit* fi" J»M*RBEiK # ^ X li , I: 1 M i: 5 tt fit * W * A 

fcp bOW^#M* < J:b«WfK<43S*6tiTt5 0, 

<o £ ^ ^ M <D P b O * ft t-i fit *T S *5 *7Xt It 

[0006] %fz, mMtDm^m.^mmjj'y^ttv b 
o<o$wfi*Mft<ffli*e»nTi^s/t»tc, bi20, B 2 

03, G d 2 03^fc«fe 0*1tT-*BRilXLrcfl3^fc*i;S 
-^ylS^gaBftiR-rs^AMfil/^ c (0/2: fete, 

[0 0 0 7] i^T, IBft-llfttCfsgfflSnTV^afyj^: 
^Mffi*tr^/cto^^^^^«S*ti^^^^^^v^^ 

iersjia tc m& r & ts n tz t ^ t $> o , * ^etyj ^ 1 1 ^ « , 

[0 0 0 8] 

fcftw-^®] *jenn#«, LSdnw* 
it^^/cto(ca«Bw^*fife/c*sjR, s i 02, pb 



-2- 



3 



S i 02 


1 6 




4 


6 


w 


t 


% 


FbO 


4 7 




7 


5 


w 


I 


% 


G d2 03 


1 




1 


0 


w 


t 


% 


L i 2 0 


0 






3 


w 


t 


% 


N a 2 0 


0 






7 


w 


I 


% 


K2 O 


0 






7 


w 


t 


% 




i 2 0 + N 3 2 O+K2 O 




1 


~ 1 


0 




B203 


0 




1 


0 


w 


L 


% 


C 0 O2 


0 






3 


w 


t 


% 


A s 2 O 3 


0 






1 


w 


t 


% 


S b2 O3 


0 






1 


w 


t 


% 



[0 0 0 9] 

£ "T S fc * tc (± # ^ x r(J tc «Bftt?S ff> rffi ^ £ d 
SS-&5*fi^*So (MAfcfP bfc^tfeftSo 
ftMti cd j8&*MS i: * t> Si ft S ^ « * v ^ T & 

[00 1 0] fct, ^ttT-*ai*5-rsfc«)tc«, ft-itt 

M it * if ^ K I c i 5 1 H U ft ffl * fc c * 5 # S 

(VkZftftm (0J*l£H, 6-1. L 10- B, 155- G 
d, 157-Gd) *#^X*fcfrff£#fttttttfft6ft 

[00 1 1] ctiG^cti:D, Strait «rWK?*5J: 40 

to 14 > fnfnw $(frt*§tf i ^ a»i K ft 7t * * i« 



t?W1^9 - 2 0 8 2 5 5 

[0 0 12] Si 02ti^XJB/Jtffift^rfeO'JtiS(C 

SHtStf, 16w t %*MT'tt t-^SM^&nf , 46 
w t %^M^S^*^1%I^*L:^<75: { 9, I: 

So P b Ott#^X<Dj:t««::*:3r< U 'PSf&ffi, ffiiBfci 

^c^%mmnttj*\n]±z&z>fj\ 47 W t %*sstca 

*<D^K*H-#T*tift<, 75w t %€rS!*Si:*r^xtc 
[0 0 13] G d 2 03Ci^^Wtc4o^S^JM^T$) 
■FJ&KiK-rs/iK^TfeSft^ Iwt %*8ST'«*60»jiH 

AM-'/mifts, iow t %^®x.s^^^X(?y^)iccw 

%lR-rSfcto«Cti % G d W--8[5*Wi^«*fiffnfc155 
-Gd, 157-G d T&SC fctf^S LlV 
[0 0 14] L i 2 O^^^X^mffl'tt^lnjJ-.^-y-, »j 

*<t < g^tt 7*5 £ tffftifrM* T-fciRiK* S S 
3w t %&ai&ti}?X<D<t¥ftiKiKli* *aic 

fuf*rS»^n/c6- L i TfeSC i:*<SSS Ll\ NazO 

*s cfc k 2 o u; ^7 x offlf *3a tc w-r s «e5iirfe* 

[0 0 15] |t;!L, L12O, Na2 0, K2 0^3f^1tM 

tit, 1w t. %*nSTii:^vX^^^tc>t^S'& : ^ 
tt> ffiBcft^iPX, lO.Ow t fbWJiti\ 

tt^o ct ^intc w-r s s^it^ifwt-r So b 2 o 3 & #5 

X^^Sttt, ^i2tcW^S^tt^r"]_h5-i±, #j*J;< 
^itittT-^«iM^S^^T$>S^, 10w t %^r,M^Sh 
ft^Wft^tt^lUt-TSo Sfc, ^^ttt^^Wj^J; 
< RiR-T S to tc C4 , B <n - fflS^R f;4f«ffi 5 n 1 0- 

[0 0 16] C i! 02(iMa»ttc4^^7X^fift 
^fgM5^±S!iic^T$)SA\ 3w t %W F^r^/julitT- t" 
»ft«(jSl*W5Ci:A ,s T^So A s 2 C)3 fccttfS b2 03 

t4 x i) 1 oyfd?t\%-:&-? s to m rS/jut" s ^ fe s ^ 

O 0 

[0 0 1 7] 
[0 0 18] 

l& 1 ] 



-3- 



(4) 



mp{' : 9 - 2 0 8 2 5 5 



S i O 2 
P b O 
G d 2 O 3 
L 120 

N a 2 O 
K2 O 
Liz0+Naz0+K20 

B 2 O 3 

C e 02 
A s 2 O 3 
S b 2 O 3 



<%*A2 !tt*&3 



27.10 
71.00 
0.00 
0.00 
0.00 
1.50 
1 .50 
0.00 
0.00 
0.40 
0.00 



68.70! 

o.ooj 
o.oo; 
o.ooi 

8.70j 
8.10; 

16.80; 

10.80| 
2.50l 

o.ooj 

0.00]_ 



44.85 
33.05 
2.00 
0.30 
0.00 
17.80 
0.00 
0.00 
1.80 
0.00 
0.00 



1 



43.00 
47.00 
1.00 
2.50 
0.00 
6,50 
9.00 
0.00 
0.00 
0.00 
0.00 



39.70 
47.00 
1.20 
0.00 
6.20 
2.50 
8.70 
0.00 
3.00! 

o.oo| 

0.40 



34.45 

52,58 
9.07 
0.00 
0.91 
2.27 
3.17 
0.00 
0.73 
0.00 
0.00 



f 



26.49 

66.23 
5.68 
0.00 
0.00 
1.61 

1 -61 1 

0.00 

0.00 

0.00 

0.00 



f 



26.14 
68.73 
2.90 
0.00 
0.00 
1.45 
145 
0.00 

o.oo! 

0.77; 
0.00 



16.08 
71.15 
1.95 
0.00 
1.75 
0.00 
1.75 
8.09 
0.00 
0.00 
0.97 



5.1 B 



2.52! 3.33 



3.72 



3.85 



4.50 



5.37 



5.58 



5.49 



2 
9 



8l 
i 

2! 



4 
4 



5 
5 



9 

7 



6 
8 



10 



[0 0 1 9] H^7s(K>\tmt. r;U**-rX&£ J:t>iH'J 

oo-i 3 0 0T»c/juttsn^*«^(oa^Ji}«tc«: 
[0 0 2 0] Sfc, ^^cft^s^xtttR-rs/t* 



20 tyn. : r-(Dmm* mitt, rzmmmm # v x t-« 
[0021] j»»«aiRflE/jtcov^T«, ^n^pn^tt 

U ¥3 30 c m(?")^y7^N O. 1 — 6 JfctJF^jfeiffl 1 - 
JtBn-KAN I SN-J R^ffl^T^WL/^ 



AN I SN - J R «#[S*— ^ U ( v ^Tll iW^cPfr^Pf 

£ u R A DM E A T^H«t?^fMMMb/:> « 
f-^7Y77U«ffla»Ftfc0, JENDU E 
N I) F/B*5cfctf P O P O P 4 t£<ffll^ntt^7 

[0022] hffistffJCct»)*«>6nfc««^e»<Dffiai 
tt^ffl, i . oe + ooe w h'^rr ^*i*tr«m± jrs 

T&D, C<DJgfVH: 1 . oxi o°t*5o t*J 1 (cJ: 0 



AN I S N — J R 

RADHKA T £ffl^T J F. ND I,, F NDF/ B 

wtfpo p o p 4 i djssi 

^ftiMOOf^ ft"? («Ktt) 18fi¥ 

^'t*.-T* 0. 001-4. 00 M e VtCi^&^tt^S 

0.4-4.00M e V tCJ^&ft-f (H 

«) » 

I C R PcoPubl ication51tCck5 

^tt^WS^W-T-^fcA^SA^ t^yy/VNO. 1-6 

^< t * tt-^co «sw w b ^ a # v \ ep ^ mmt£ tj w m 

[0023] --7^, m2\c&*)yt : ? mm$o «««« 

(ce*iH,2) , 'pft:-j\ tttttt, fisfif 
mem #-5* (« t a3) letter )ty- <oj«t 



40 



-4- 



(5) 



*#NfH'-9 - 2 0 8 2 5 5 



1) EJt^TiSfSfc^il««*/7<LT*5»>, jfiflfcfUTjfcL 
[0 0 2 4] ■'ty^l/NO. 1 ~6 ©«7Xliitii4f-, 

* 56 Hi] tc 3 # v X £ m i/ ^ n fcf 0 ) & & < & £ o 
[0 0 2 5] 

iHf<> fro'>4t^J7X(0Mftli(TfM$Mi 



8 

ttg ■? tc 5 %Kfi&/j * mum 7L fz ft =? x u i-i Mi T « 
o^^x^fitc^ens/i^, xn-^wco/Aitt 

tt*»iR-r * & g © * * y£¥«88»c fc J N 7S (c ft tc I f ) ^ 
t . 't'ti T- »ftl *t$® it r/1 ft s$* 0) m % fz f 

[18 3] ^lyjTfsfifflLfe^lK^JciSAN I SN 



[[*] 1 ] 



[0 2] 



1.0E+0 




1.0E+O n 



1.0E-5 



0 



10 20 30 

M»&ff>M (c m) 



1.0E-1 



em 



OE-2 



1.0E-3 




• • » 



10 20 30 

# 6(7)^(1 (cm) 



-5- 




-6- 



